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∼ t1/νz, (2.14)
U(t) ∼ td/z . (2.15)
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DEFAo
p@be[01&C !S*<=SCS U<[f
C
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Udy@JdG<Dcno.rAopS$AŁ%mA
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)*rAofC
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Qa¢:*¢qﬁ:[f#<CNcS
rAoUH._=[S?AD_H.dJK/cCOLD STARTC
Ł.<ArL.N<op@GCRQG[P0qCOLD START"3¥
¦C:$ŁS(Ao
$H&(2.12):;=k = 1 L→∞ b = t1/zU[τ\9=D
U=AD[
M(t, τ) = t−β/νzM(1, τ t1/νz)
≃ t−β/νz(M(1, 0) + τt1/νz ∂
∂τ
M(1, τ)
∣∣∣
τ=0
)
= eBtc1(1 +Aτtc2) (2.16)
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c1 ≡ − β
νz
, c2 ≡ 1
νz
(2.17)
D;<Ho$p@:<[
lnM(t, τ) = B + c1 ln t+ ln(1 +Aτt
c2)
≃ B + c1 ln t+ Aτtc2 (2.18)
.G@AopC:c%&'CmSD[(ln t, lnM)C!SUH
D:[Sτ = 0iβ = βcjBq :mAc: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S2.1oﬁQ:[SQG@HD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(−Jσiσj) ≡ −β
∑
<i,j>
σiσj . (2.19)
pq[< i, j >i[j.e_=A*	C%xyCd!"S U["f
@G:x=
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ŁuSEF
=AH?aS:x4aCjgS.m
2.1SAD[β > βc (β < βc)q LG@[ﬁŁiVj:._H 
Dd_<p._eDQAo,VqpCvwS*U=[S
AŁ(=o
$H[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s1 = [101, 800], s2 = [201, 900], s3 = [301, 1000], (2.20)
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(β < βc) (β = βc) (β > βc)
a′s1 > a
′
s2
> a′s3 as1 = as2 = as3 a
′′
s1
< a′′s2 < a
′′
s3
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: UHBCqrAo
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lnMτ (t) ≃ as ln t + bs6g h:[OQMAjklnoIpas
qEFr6uv5O
as(τ) = c1 + σsτ, σs ≡ AN
∑
(tc2 ln t)−∑ tc2 ∑ ln t
N
∑
(ln t)2 − (∑ ln t)2 . (2.21)
wEAxy
∑tmax
t=tmin
MEFe5OL4:zF{5o[<Aσsy|}A c2do~b
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▽
▽
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△
△
β
a
s
(β
)
a′s1
<
a′s2
<
a′s3
a′′s3
<
a′′s2
<
a′′s1

2.2:β
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!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*N+βc,-R.y+Ut/|}βτ01n*234
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0@AB
τ ≡ T − Tc
Tc
=
βc − β
β
=
(
1− β
βc
){
1−
(
1− β
βc
)}−1
≃ 1− β
βc
(2.22)
6e[qCXDeEβc6β{\*EFpfB76+βcGβi (i = 1, 2, · · · , I)
0H*E+|*2bsj0qIJ9yℓj : a = σsj (1− β/βc) + c16l
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√
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100.U56*J9Ee.+t ≥ 100bc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j
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56pasj (ri)_`aKJh{o>fTlj(j = 1, 2, · · · , 49 = 7× 7),
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''ﬀﬁﬂ 
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→ª bgh@[\kﬂmg ?U[V
(iii) 3+1xUqf2+1xU[P
→ 1+1 ª qMq`d1xh ¡mk8jV4
qfkeO_2xnﬂ}V
`]¤gHJ	{e tJ#H
¼e|]B[1{J#K
V
$%k{\gUqf&g#$%
&ﬂ
}kqB\}k2xh ¡mkﬂf\kHQ»
\Pe ¡m#¼q&qz{`Vn\yq¬­Uc§gh
ivB^N_*+ijlDZHw?K W;{ ¡ª \
qxH3\kﬂ  ¡m\kaV
 ¡mHﬀ{`fV2+1xO_ﬁg@ﬂG[{ﬃ`O_Y
B E+!"N_d¤U~jYBeh#$U\ky E+
!"dI%k¼& E!"jH{N2space ×Ntimec§B'
(V(UNspaceHŁBNNtime N0kKV)\¼N0 ≪ NkV
\kB¨¤~)fﬂ£]Vc§*a k~
T =
1
N0a
(3.1)
k¢]V
gh+c§Pn tUqfc§P,Ho-@.CUµ(x)k{¢
£dImc§PnB/0]Vj\]2+1xNOc§Px
HzPkµYdN_12O_1223`y4YB5'U
o-¤6H¢78 tghX'9SH¢{`VRST
UµŁS:;mHµˆk¨lB¢]V
Uµ(x) = P exp
(
ig
∫
C=[x,x+µˆ]
Aµ(x) dxµ
)
. (3.2)
hC<=£]Pª b>n}X{?@B( path ordered prodct )
V\kCDKVc§PCo-E¼@.F>EU¢]ﬂ\
Uﬁ¥@gu=¨{Uµ(x)}−1 = U†µ(x)k¢K\k=KVSU(2)k@
.FﬂSU(2)>[H<uσidi = 1, 2, 3jŁICG`{
U = a0I +
3∑
i=1
aiσi, ( aµ ∈ R,
3∑
ν=0
a2ν = 1 ) (3.3)
28  3SU(2)c§ghivG
k ¦\kC¢KV'agh.bc§Px=SU(2)>®V (x)C
®¨l=J]V
Uµ(x)→ V (x)Uµ(x)V †(x+ µˆ). (3.4)
GRSTUh=
L = −1
4
3∑
a=1
F aµν(x)F
a
µν(x) (3.5)
C£KeU[]w¨lqeCUe2+1SU(2)c§ghivC
[\kﬂ¼¡;>B]aGqe[Vy\U
"eŁqWilsonG
S[U ] = β
∑
P
TrUP , β =
4
g2
(3.6)
CG`\k=KV	UP
UP = Uµ(x)Uν(x+ µˆ)U
†
µ(x+ νˆ)U
†
ν (x) (3.7)
U¢]"
mg[]ﬂ;kvw]V'aPjUPV
{jU[V Uq`gh.c§7mg¢]a\
G=CG{¢ae=qz{`\G(3.4)=Ja
gh.bX.[Vsy=(3.7)}=h.bCKk8
'UC{
TrUP → Tr
{(
V (x)Uµ(x)V
†(x+ µˆ)
) (
V (x+ µˆ)Uν(x+ µˆ)V
†(x+ µˆ+ νˆ)
)
(
V (x+ νˆ)Uµ(x+ νˆ)V
†(x+ µˆ+ νˆ)
)† (
V (x)Uν(x)V
†(x+ νˆ)
)†}
= Tr
{
V (x)Uµ(x)V
†(x+ µˆ)V (x+ µˆ)Uν(x+ µˆ)V
†(x+ µˆ+ νˆ)
V (x+ µˆ+ νˆ)U†µ(x+ νˆ)V
†(x+ νˆ)V (x+ νˆ)U†ν (x)V
†(x)
}
= TrUP (3.8)
¨l.[V	c§Pn=]{`\kUXu]{
bXu;=qz{¥RSTU¥Y»{ﬂkp3
]{`V
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ﬀﬁﬂﬃ !"#$ﬃ%&ﬂ'(
c§ghiv¤)~*B.F=PolyakovmgdPolyakov
	Wilsonkw]+ke,Vjﬂ-1]VPolyakov 2+1x
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l2x_nc§xi (i = 1, 2, · · · , N2space)=¥`{_3@
.FCzaUCk
Wxi = Tr
N0∏
x0=1
U0(x0, xi) (3.9)
¨l=]V+ﬂgh.+k E+!"Umgﬃ=
qz{`+kCGGk8yvUsy]V|{	=¥¦
ﬂ0Uqﬃ

〈Ω〉 ≡ 〈 1
N2
∑
i
Wxi〉 6= 0 (3.10)
ﬂª ¡C¢+kﬂf]{`V+Polyakovmg	ﬃ

'U
{βcﬂº]|{[23][24]q=¨
2x,y=
Polyakovmgi®¯Cp3{;VŁng1ﬂdM
¦j=}q t±²m³gFqkFq¨l=]V
Fq = − lim
T→∞
1
T
ln
〈0|q(T, xi)q†(0, xi)|0〉
〈0|0〉 . (3.11)
+Uq†(x0, xi)¥¨q(x0, xi)9(x0, xi)=¥{gC
§U|0〉C¢V§C (0, xi)y(T, xi)'U-»
{?@ﬀ{
〈0|q(T, xi)q†(0, xi)|0〉 =
∫
DU
∑
C
ZCΠi∈CUi (3.12)
ﬀU¼V+=ZC?@=ﬁMﬂF¢V=ﬃ 
1 ﬂª!"_k¼'1ﬂ±²#³ C+$Cp3
%&'62-?@(¦="(Polyakov#
|)=V¨z{(3.11)CE¹ﬀ
〈Ω〉 = Ze−FqT (3.13)
ﬀ¢*V'Polyakov# ﬂ0ﬀ¼=Fq = ∞ﬀŁn
 ﬂMU¼ ¡C¢=X0U¤)C+¼
Fq 6=∞1 ﬂŁnUM¼ª ¡C¢{V
U+}ﬀ,#Xﬀ-"V'SvetitskyﬀYaffe=¨
©d+ 1xSU(N).v¤)/0123«ﬀ©dxZN\45 ¡#
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12«\=,ﬀ.vﬂ*-[25, 26]V+
=Xd = 2N = 2ﬀ©2+1xSU(2) § ,.v¤)/013«
ﬀ©2x,5	#
13«ﬂ
\=+ﬀ=´= 
 .v
F-
R_ﬃhFXβ = 0.120(8) [23]
ν = 0.98(4) [24]ﬀfﬂ*V+*C,5	#U
β = 1/8
ν = 1ﬀ
C+)=-ﬀ3V
+
13,ﬂﬀ
ﬁﬂ
+Xﬃ"
- !"ﬀ- #$
"%= ﬁ=ﬂ&')
(Z2)C+*%, #
+ﬂ,5	#%ﬂsi → −siﬀ-45.F/012C0*34 .
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H1(−1)2n = 1\]$^ﬀ#
 _ ,`
RS(3.6) (3.7)X-ﬂF
aZ(2)bcde)f.5gh
i*5Bj4#
Uµ →

zUµ(x0, xi) x0 = 1*kµ = 0Uµ(x0, xi)lMNz ∈ Z(2) (3.14)
m%ﬂx0 = 1;ni*-o mﬀpqr%"ﬂstuv
w%x*i&m%
!o#+Z(2)ASU(2)
Z2Oyz{Ax bc1center2B|ﬂl
X}* ~
W~5W #1XSU(N)Z(N)X54
-O
Ł`;% #ﬂ"4im
.5ﬁ=8UP = ABC
†D†
;AﬂC x0 = 0*kµ = 0 %x%$ Wiﬂ.
(zA)B(zC)†D† = zABC†z†D†
= zz†ABC†D†
= ABC†D† (3.15)
=ﬂI=Y. #+ﬂC!DRSX)ﬂ_Y*
*

%|Dm*O
Ł`%Y.;D #
RS;xﬂPolyakovm5%Wxi →
zWxiﬁX.5 #4ﬂ ¡¢〈Ω〉 6= 0ﬂRS£¤¥o )
f¦§¨r©mB| #,ª	Xoﬂ678
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B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Polyakov ¡¢BM|M%hW#
Xﬀﬁ Polyakov ¡¢MﬂﬃTB!ﬂ,ª
"#$	
MﬂﬃTﬁ%Xﬂ&'ﬃTc('); ;* *
*N0+,-r*.Z*/0+1$=XN023)%β.

X)B4 #m56Ww*768ﬂﬃ+β = 4/g2
9Gﬂﬃ:;%x%"4i23N0)*
β ∝ 1
g2
→d⇔ a→<⇔ T →d(3.16)
o%;Xx #lZ*ﬂﬃT	
M"=>B!oW *	

M?+,ª"$9E #@XA%X*	
B
CﬂDEFZ	
Bk;GDEFZ Hx#
)B%XIkJX);K]L*MNBOPKﬁ &'QG;
R o;*ST¦68W mU%x #m%V8Wo+*XS
T¦"+JF?+OE%JYZ;[X)*@"F?;[=l
4x.G1m\ª]^G2_`QRSWaNbao%m
%a#*^;cN)+*cNwOPBdeX3fD
/0+[l%ﬀF?);K+*ghiBjZakl%Polyakov
BmZstn§oﬃp'2+1F?L2F?qr<1reduction2
;sa*L%xa#
t)7+x%%uxa#k+=*IkJXST¦;x
+/0vrQG;Rtom]BQW#lm%*p%+
%ST¦UVBwX*yklB}ZzST¦{(W$'|r
QG;Rtom}~t&'wjZXto
3.3

Ł
cN_h`t+cNQCD+h`g%xaOsX* gh
w*Lm=\];oaxi; iYZB
oH+*:XB=*rB(Wam
=alp+*S:\.z 
Xk4o
32  3SU(2)cN_h`qS
ZX*HOT STARTXﬀﬁa XkoAa	
G¢ 
Xﬀo+Eﬂ=ªKoL	<
m0Bk BS6W
a~;xam+#
rXo
rX* X4	Bm0t*atwXg3fDR
Sini[U0(x)] = m0
{
Tr
N∏
x0=1
U0(x0, xi) + c.c.
}
= 2m0Wxi (3.17)
#ª
rklBj4*\ª]^GzB*RS6789:ª 
68%mRSXB=*xa1wXﬀﬁaPolyakov
 ¡¢〈Wxi〉Xt
〈Wxi〉 =
∫ N0∏
x0=1
dU0(x0, xi)Wxi e
−Sini[U0(x0,xi)] = m0 (3.18)
;¥Doa
pm	
;m0a+*XtsM\ª]^G
XtﬀBmxtl+\ª]^GXﬁﬂ

L;xalZ*mZbﬃ6~B
= *l)7RSXs¨!D^*"xas#$e
 X%StoW	
+/0B%XtﬀBmX;*J
&{dﬁi*' ¦Lb;m0am; ¡Dm+ﬂ
ªJxNz	(BﬁJ)7*£)+ª% Wa
M)mBZa*,-	
Bk BS6Wa.+*M/=
xa#
/)7£+ªX*081\ﬂB%St
23456789:;<=>?@ABCDE
1. U0(x)\ª]^GXªXF{tSU(2)GBH  Wa.
2.?swUold0 (xi)*IJaKL=ªXF{tU
new
0 (xi)
Xt*PolyakovW oldxi W
new
xijZa
xaxiXMNtjJ 
3.OGr ∈ [0, 1]B¨FD^*r < exp 2m0(W newxi −W oldxi )i*Unew0 (xi)
XIJ*l%ﬁiUold0 (xi)am1P.zBQJa
4.WtwXko23kB&{XaRHStz
\ª]^GBSWa
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5.JX*Uµ(x)µ 6= 0 \ª]^GX=ªSU(2)GBH a.
m \+*SU(2)B=F{Wa?aSU(2)+
3FGS3XOxat*3G)X=ªXwBkm
{amB?Wakt*Mx
SU(2)47	
E<=>@ABCDE
1.Oθ1 ∈ [0, π]r1 ∈ [0, 1]¨F^a
2. sin2 θ1 < r1a1.RHSt*lθ1%SWa
+(
∫ pi
0
dθ sin2 θ)/π = 1/2 
3.Or2 ∈ [−1, 1]¨F^θ2 = arccos r2 ∈ [0, π]
θ2 = arcsin r2 ∈ [−π/2, π/2]Em 
4. φ ∈ [0, 2π] a
5. a0 = sin θ1 sin θ2 sinφ*a1 = sin θ1 sin θ2 cosφ*a2 = sin θ1 cos θ2*a3 = cos θ1
jZ*Uµ(x) = a0I + a1σ1 + a2σ2 + a3σ3W
m+3G~ﬃdΩ4*
dΩ4 = sin
2 θ1 sin θ2 dθ1 dθ2 dφ (3.19)
|amXoa
mXt*COLD STARTXﬀo S6Wa+*Wtw
xi x0 eGU0(x0, xi) = IJaWxi¢m1XR
tH 	
m0 = 1am*+Uµ(x)µ = 1, 2 XB%G
Jao%VWLmXﬃ6GJ 	

+LJLxstn\ª]^+*Polyakov/E
ﬂª^4a* Uµ(x)µ = 1, 2+*
"ﬂª+go§ﬃﬀOmB%maﬁ
o%Qﬃh+ tod!LAa*ﬂ\ª"{"#t$%ﬀo
+*m#n\ª]^&eGt=n*ﬂ
\ª"{("atmic'+()aolﬀQﬃh
:oO+smop+*Uµ(x)µ = 1, 2 =ª
SU(2)GJ%,t
*-,(3.6)|aJykl.z.%jJap
+pr+Creutz \[27]/oa.+*X
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,
(_`r-,O%.z%*a\ª
]^Uµ(x)MN"a	\ª]^.za\ª]^+Uµ(x)

=?§at*".
z"a	1P.zt*".z
,"a9*.z\ª]^.z,a+*z
\ª]^¦t.L
2+1G(µﬀ[a2ﬁﬂnﬃa 4ﬁ= !";a
	#n$%&'t)Uµ(x)A
iBiCii = 1, · · · , 4 ﬀ)Kﬁaﬀ*
ﬀ*-,Uµ(x)";t+,
−S(µ;x) =
∑
i
β Tr{Uµ(x)AiBiCi}
= β Tr[Uµ(x)
∑
i
{AiBiCi}] (3.20)
ﬀﬁaSU(2)-./0+12SU(2)-.3a	ﬀL*Di ≡ AiBiCi
4*SU(2) 536$SU(2)-.3a	ﬀ7,
"*kV ≡∑iDi8akﬀSU(2)9V "k9:+∑iDi9
;d0I +
∑
i diσiﬀ"k =
√
d20 +
∑
i d
2
iBHja	#BH*4ﬁ
= !951<c=t>*SU(2)GﬀtW*
W ≡ Uµ(x)V = w0I +
∑
i
wiσi (3.21)
ﬀ4?*-,+L
−S(µ;x) = β Tr[Uµ(x)kV ] = kβ TrW = 2kβw0 (3.22)
ﬀ^;$a
@!?#ABC~D*@9-.69^=t>E^aﬀFGH,a
IJﬁ9KLMNUµ(x)OPD"QRS0,9TUVJW'X9YZ$
[Q
J ≡
∫
dUµ(x) e
−S(µ;x) =
∫
dUµ(x) e
2kβw0 =
∫
d{Uµ(x)V } e2kβw0 =
∫
dW e2kβw0 .
(3.23)
	#\](A)9^.YQ0,9TUJ>_`aQ8`bIUµ(x)
xIWyc "d>IQWie
2kβw0
9efFghI
Wi = Uµ(x)iVj>Uµ(x)i = WiV
−1
xi = F (yi)c  ﬀ"Q	ﬀ
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Uµ(x)i"Q1P	
(Qd">9KLMNﬁ>	9F	ﬀ
NPRHS	ﬀhIﬀ:〈O〉
〈O〉 ≡
∫
DUO[U ]e−S[U] = 1
N
N∑
i=1
O[Wi] = 1
N
N∑
i=1
O[Uµ(x)i] (3.24)
YHTU"Q	ﬀh$Qd
@9GW0,4GBMK!ﬀ#(;hZ?ﬀI
J =
∫
d4w δ(w2µ − 1) e2kβw0
=
∫
dw0 r
2 dr sin θ dθ dφ δ(w20 + r
2 − 1) e2kβw0
=
∫ pi
0
sin θ dθ
∫ 2pi
0
dφ
∫ 1
−1
dw0 e
2kβw0
∫ ∞
0
r2 dr δ(w20 + r
2 − 1) . (3.25)
	hIC"9GH,>Ir"Q,9N;F∫ ∞
0
r2drδ(w20 + r
2 − 1)
=
∫ ∞
0
r2dr
1√
1− w20
{δ(r −
√
1− w20) + δ(r +
√
1− w20)}
=
√
1− w20 . (3.26)
	#YHI
J =
∫ pi
0
sin θdθ
∫ 2pi
0
dφ
∫ 1
−1
dw0
√
1− w20e2kβw0 (3.27)
=
∫ pi
0
sin θdθ
∫ 2pi
0
dφ
∫ 1
e−4kβ
dx
1
4kβ
√
1−
(
1 +
1
2kβ
lnx
)2
. (3.28)
1N`2N>w0 = 1 +
1
2kβ
lnx9$IJﬀ(d
	#9ﬁﬂﬃaI^.YQ !	1"8F#C$K%&ﬀ
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1. Uµ(x)
old
ﬀ	9":;QKLMN<=>I(3.21)VhW= ;Qd
2.J?@<r1 ∈ [e−2kβ , 1]ﬀr2 ∈ [0, 1]fABQd
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∂
∂t
φ(x, t) = − δS[φ]
δφ(x, t)
+ ξ(x, t) . (4.1)
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ﬀ9H8sﬀﬂﬃA2#/F9:<=>?_8H=>:@ABC.D
#<$ ~ = 1:3+n8ﬀ1.
〈ξ(x, t)〉 = 0, (4.2)
〈ξ(x1, t1)ξ(x2, t2)〉 = 2δd(x1 − x2)δ(t− t′), (4.3)
〈ξ(x1, t1)ξ(x2, t2) · · · ξ(x2n−1, t2n−1)〉 = 0, (4.4)
〈ξ(x1, t1)ξ(x2, t2) · · · ξ(x2n, t2n)〉
=
∑
combi.
〈ξ(xi, ti)ξ(xj, tj)〉 · · · 〈ξ(xk, tk)ξ(xl, tl)〉. (4.5)
$K<n ≥ 2H)<(4.5):F 1G@2n;H:
G2CSKHIﬁJ#<H
H:LMNOPCJQR$S+T<(3, 7)9(7, 3) b61ﬀ%<)@UﬀV/:
RCW/Fﬀ$9PXG#/Wﬀ.$PWickYZ9WA.S+T1G@
4 (= 2× 2);H:[E<HIﬁJ (1, 2)(3, 4), (1, 3)(2, 4), (1, 4)(2, 3)ﬂ<)R
2n;H:[ER (2n− 1)!! = (2n− 1)(2n− 3) · · ·1\:[-fg]ﬀ
^8S[φ]P_8`a6H[φ]/TRb+ﬀ9<$MQcdBe fﬁgF
-hijklmTopﬁqrﬀgFcdP2#ksnﬁtZ

Z =
∫
Dφ e−H[φ]/T (4.6)
jﬂﬀ.snj4kopRr#uj*+@ﬀvwPt0j#kfﬁxWvwtyHv
z{|P}ﬂAS+T~OnnAR]$j-H4.
〈O〉 = 1
Z
∫
DφO[φ] e−H[φ]/T = 1
t− t0
∫ t
t0
O[φ(t)]dt. (4.7)
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Rk	P
 [n]n#G@k$[n%/Pj
eunkParisi-WuQcd(Stochastic Quantization Method)
)
	^S[φ]jk
 j[n]PLandau-Ginzburg-Wilson^
P*+ksngFcdPﬀ]Wﬁ
S[φ] =
∫
ddx{1
2
(∂νφ)
2 +
µ
2
φ2 +
λ
4!
φ4}. (4.8)
	Rµkﬂﬃi R!Wblmj"#$ﬁ%&'()Rkﬂﬃ*
+!J,-./0^PB1k2 345`R!]67@P8]9$/z::
d ≤ 4%o;[|<n=>n{?@nFkLandau-Ginzburg-Wilson<AB[
nCPDE]	jFGW[29]s	9ﬂﬃEHR!WkI
JKLνjβ2 345`jMN$ﬂO1PQRJS)%	jFGW
	TJUVk2:RXu	n9YZWﬁsnﬃ[\
R]^u_`naR	yb^42: 345`2:φ45`n
cJdPeuﬂﬃKLn)fIGPkgh]	jiG
JanssenGklv/:dj1mvzn1nod + 1ju9
7pqY28rstuPwxRryu{|I}RCWb^	ke
(2.4)~P}d
Lﬁn[6, 7, 8, 9, 10, 12]{,vz;3nGu
kWQcŁj'd4``
R!{k2 345`kPotts45`kXY5`d
Ł9RCW
b^uYZTGunF{R!W&3  3c(4.1)
WkﬂﬃgFEHP¡¢JRb^u£¤d
∗1
snX`R!Wk¥d
¦d§WHOT START¨ZnCJ©ªjWe~G
u9jcŁsnWLd«¬P]	Rk­d®
¯sk&3  3cŁk43`cŁ£¤qY°jW±_
`²W³´m	Pµs	jR{opn~Pµ¶]	dﬁkg·c
dn¸P9
JRµ§oSsTksjn¹m
µs	jnX`kqY°nBºPb^	k,vzﬂﬃŁ
»¼½G¾¿À_²W	j[31]	U	n±d»¼R
∗1
ÁÂ[30]ÃÄÅÆÇÈÉÊËÌÍÎÏÐÑÒÓÔÕÃÖ×ØÙÅÐÚÛÜÝÞßàáÃâãäåæ
Ãçè2éêφ4ëÝ(4.8)Óìíîäåæïðñòóôõö÷ÆÅãø
52  4Vknφ4Cn¦
1knjkyQ³dqY°P	&3 3dePrsk,v
zﬂﬃcŁP}±
4.2


φ4
\8u2:φ4CnﬀﬁLnﬂﬀﬃﬁkDX® 
sn!K"#ﬁ$ C#M¥ﬁ#%&(4.8)ﬀE
±X® y'(	)*+ﬀd^,dO-}d±	#
/0-kX® 1¼ﬁ234536*+7
#dﬁ9(:;)8	#0'M¥ﬁ<=ﬃu
vﬀWX >?@*+DAxd±d.?JdBCDc" )*+
(.E	#FﬂﬃEHﬀCGFs=xH)*+φ↔ −φ(IJ
Ks/LFZ2){ﬁMJE M#NOF
PQﬀa 2R:STﬀUﬁ¼ﬀVLYWXY
iˆ = (i1, i2)#ﬁ[U(¼xx = aiˆZokl(uv\' =]
^d#_N2ﬀ	ﬁ
S′[φ(aiˆ)] = a2
N2∑
i=1
{ − 1
2
φ(aiˆ)
∑
ν=1,2
φ(aiˆ+ aνˆ) + φ(aiˆ− aνˆ)− 2φ(aiˆ)
a2
+
µ′
2
φ2(aiˆ) +
λ′
4!
φ4(aiˆ)}, (4.9)
rsGJFνˆν-T`(^bWXYﬀZ M(X®ﬁc(dφeR
:d-§Gﬁ<f=ﬃuv
φ(aiˆ+Naνˆ) = φ(aiˆ) (4.10)
ﬀ\' #FM(ﬁ2&g<
φ(aiˆ± aνˆ) = φ(aiˆ)± a∂νφ(aiˆ) + 1
2
a2∂2νφ(aiˆ)±
1
3!
a3∂3νφ(aiˆ) +O(a
2) (4.11)
ﬀry F#ﬁ%&#h
S′[φ] = S[φ] +O(a2) (4.12)
{ﬁlima→0 S
′[φ]→ S[φ]\'§J-F
Rj§(R:ﬀ'aﬀk#lﬁeR:m(nﬀC±(4.9)!-o
φi ≡ φ(aiˆ), a2µ′ ≡ µ, a2λ′ ≡ λ (4.13)
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(;sﬀCd±#ﬁoeR:dZ§J'
S[φi] =
N2∑
i=1
{−1
2
φi
∑
ν=1,2
(φi+νˆ + φi−νˆ − 2φi) + µ
2
φ2i +
λ
4!
φ4i }, (4.14)
¡§JF
M(b Cﬀc( C#lo'#ﬁMX®§JF	
"LŁ(
/"LdF9(	%&((µ, λ)ﬀbVloﬁ2R
3DF#M/"-.?l CDE
dbJBºﬀrylJd5WY/ﬀﬁ¿À^ﬁ{
e03ﬂﬃYﬀ
V (φ) =
µ
2
φ2 +
λ
4!
φ4 (4.15)
=
λ
4!
(φ2 +
3!µ
λ
)2 − 3!
4λ
µ2 (4.16)
(± #ﬁ!Xd"#£¤ F'$λ ≥ 0#-±uv( ﬁ
(i) µ > 0(=%¼ﬀφ = 0&½Gﬁφ("f)〈φ〉 = 0#dF
M#ﬁZ2)*+8'Jo-F
(ii) µ = 0 M¥φ = 0'{〈φ〉 = 0F(ﬁcφ(
+d,F#-L (ﬁ./0ﬀ1 
(iii) µ < 0(#ﬁ*%¼ﬀφ2 = −3!µ
λ
{〈φ〉 = ±
√
−3!µ
λ
#dM#"
#23½4T56MZ2)*+³78Jo-F
9k{ﬁ(µ, λ) µ < 0, λ > 07-3DﬀM :;<(£¤=>ﬀZlo
-F
4Tdb?ºﬀ@{IJ'cAﬀﬁ:;<#P(µ, λ)kﬁ4RB7CF³
DEG	M#H3o-F[32]F:;<λ ( > 0)loﬁ4	
(F¼µc(λ) ( < 0)£¤ lMIﬀ2R-3D¼ﬀ2(kJ
-o./01 FﬁK% LN§JM#FMλ = 1.0
#OPlﬁEF#D:;<µc(λ)ﬀQo- 
DJ(m)¦loSTUV. FWXY(4.2) (4.3)ﬀ9 (±
Z¶§〈
Ri(tk)
〉
= 0,
〈
Ri(tk)Rj(tl)
〉
= δijδkl. (4.17)
54  4b(φ4 L(¦
0'ﬁ1tk(mﬀR(±P®§JF
M(tk) =
〈 1
N2
N2∑
i=1
φi(tk)
〉
sample
. (4.18)
M(Bﬀﬁ1J'F_YBF
4.3
	

2ﬀﬁﬂ
;ﬃ !"#F$)%&ﬀ'()1PT`(01m*H+DF1P
Q,∆t+l'-.'*/0D1R0m,C+O(∆t)hi23M(
hi45e6+M78l+9F':;.<=>∆t?$J'@
ABC9FDHDEFGHI$JKM'L.MN%AP
JKNMJ,OP9NQRDST'4U.VWXYZ[\]+^_`Sab
c
Drummond et al.ﬀ'de[28]bfghiDAjklD01m.R>n'opDqL
,stfghiDuAjvwtxyzR{|}5~O7D+01m=`t
$)%&,∆tD.7NSa.R>nqLŁ2W
.R>n;ﬃ kY,ŁtcI0WB'Ry1bN
WB[IjR
N
RD,D +=¡.j.
U(1)+SU(2),¢£Łt$%&n>N2;ﬃ kiYD¤¥
'5~¦$D§¨¦+©ªr«DqL.¬yrsn>Nc
­®¯b2W°φ4G±²³,´1µ'¶·b0W°G±²³,¸.'fgh
i.9N>¹ºNItoD»Y£>n2WDDﬃ kiYD¤¥,
r1cBt'/0¼1DAj½¾m{|}5~.xD¬1¼2¿
NDM,fÀcÁŁn',O(∆t2).7NtÂ'AjÃÄµÅt9Æ-ÇU
È¼WXDrummond et al.ŁÁDÉÊObNË+,cqÌ
ÍÎ.'ÁÉÊOÏÐDÑbxD¬1ÒbNM.R>nOÓN
B¿²ﬃ kiYÇU+n[ÔÕÖ.F,'×¾Ö
√
σηR¶
·DY,Nc
∆q = (F +
√
ση)∆t. (4.19)
AtbDØÙ'5~¦$P (q; t),£>nWD¬1Ú¡`Nc
〈f〉t ≡
∫
dqf(q)P (q; t). (4.20)
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ËD∆t¿¡Ł.¦9N5,N+'
∆ 〈f〉t =
〈
∂f
∂q
∆q +
1
2!
∂2f
∂q2
∆q2 +
1
3!
∂3f
∂q3
∆q3 +
1
4!
∂4f
∂q4
∆q4 +O(∆q5)
〉
(4.21)
+¼NcË.(4.19),Ł'∆t2BbDÖ.¦ŁnBÂN'WD¬¼Nc
∆ 〈f〉t =
〈
∂f
∂q
(F∆t) +
1
2!
∂2f
∂q2
(
F 2∆t2 + σ
2
∆t
∆t2
)
+
1
3!
∂3f
∂q3
(
3F∆tσ
2
∆t
∆t2
)
+
1
4!
∂4f
∂q4
(
σ2
12
∆t2
∆t4
)
+O(∆t3)
〉
. (4.22)
Z.	>n'
\.¦9N¶·DÈ,£>c
〈η〉 = 0, 〈η1η2〉 = 2
∆t
, 〈η1η2η3〉 = 0, (4.23)
〈η1η2η3η4〉 = 〈η1η2〉 〈η3η4〉+ 〈η1η3〉 〈η2η4〉+ 〈η1η4〉 〈η2η3〉 =
(
12
∆t2
)
. (4.24)
ÍÎ.'∆tDÏÖ+Łn$,BÂ'∫
dqFP
∂f
∂q
= −
∫
dqf
∂(FP )
∂q
(4.25)
D¬1¼5,Ö.Łnr>'Ö.R>n0+9N'¶·Dµ¡
`Nc
∆ 〈f〉t =
〈
∆t
(
∂f
∂q
F +
∂2f
∂q2
σ
)
+
∆t2
2
(
∂2f
∂q2
F 2 + 2
∂3f
∂q3
Fσ +
∂4f
∂q4
σ2
)〉
=
∫
dqf(q)
[
∆tH0 + (∆t)
2δH1
]
P (q; t) . (4.26)
Ë.'
H0 ≡ ∂
∂q
(
∂
∂q
σ − F
)
, δH1 ≡ 1
2
∂2
∂q2
(
∂2
∂q2
σ2 − 2 ∂
∂q
σF + F 2
)
(4.27)
bNc(4.26)+Aj.¦9N5D,ﬀ9N+'
∆ 〈f〉t = 〈f〉t+∆t − 〈f〉t
=
∫
dqf(q)(P (q; t+∆t)− P (q; t))
=
∫
dqf(q)∆P (q; t) (4.28)
bNË+M¡'Fokker-PlanckiD∆t.¦9N2WDÖ,ﬁŁtWDÇU
µ¡`c
∆P (q; t) =
[
∆tH0 + (∆t)
2δH1
]
P (q; t). (4.29)
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W.'²ﬃ ki(4.19),Í/0.½¾mŁt5ki
∆q =
(
−∂S
∂q
+ η
)
∆t , (4.30)
9¼¹	F = −∂S
∂q
, σ = 1+	>tkiM¡¤-¥=`N{|}5~P
′
E,N
+'WD¬1¼­
D5~M¡D¿`δφ,RË+µ5Mc
P
′
E = e
−S(1 + ∆tδφ), δφ =
1
4
S˙2 − 1
2
S¨, (4.31)
Ë.'DmDtÂ
S˙ ≡ ∂S
∂q
, S¨ ≡ ∂
2S
∂q2
, · · · (4.32)
¼x+Łtc¶·bËD£>NcËD+-Fokker-Plancki¶·D
¬1.N
∆P = ∆t(H˜0 +∆tδH˜1)P, (4.33)
H˜0 ≡ ∂
∂q
(
∂
∂q
+ S˙
)
, δH˜1 ≡ 1
2
∂2
∂q2
(
∂2
∂q2
+ 2
∂
∂q
S˙ + S˙2
)
. (4.34)
Ë`.¬y'H˜0e
−S = 0,Åt9e−SDÖb'AjÈ.5~µmŁ¼>+1
{|}∆P
′
E = 0 Ë+µb-¼>cÁ`º
P
′
E = e
−S(1 + ∆tδφ+O(∆t2)) (4.35)
+>1,(Ł'δφDÖ,Łn>Ðc
B¿∆P
′
E = 0.9N+'
H˜0e
−S +∆t(δH˜1e
−S + H˜0e
−Sδφ) = 0 (4.36)
+¼Nc∆tD$0.ŁÐ¼`_¼¡>Db'9¼¹	
δH˜1e
−S + H˜0(e
−Sδφ) = 0 (4.37)
bNË+,9NcÖ,Ä9N¶·D¬1.¼Nc
δH˜1e
−S =
1
2
∂2
∂q2
(
∂2
∂q2
+ 2
∂
∂q
S˙ + S˙2
)
e−S
=
1
2
e−S(
....
S − 2...S S˙ − S¨2 + S¨S˙2). (4.38)
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W° M¡y1Nδφ = α1S˙
2 + α2S¨D.w¡`NDb'Ë`,9N+ 
2Ö'
H˜0(e
−Sδφ) =
∂2
∂q2
((α1S˙
2 + α2S¨)e
−S) +
∂
∂q
(S˙(α1S˙
2 + α2S¨)e
−S)
= e−S(α2
....
S + (2α1 − α2)
...
S S˙ + 2α1S¨
2 − 2α1S¨S˙2) (4.39)
+¼NcË`¡2Ö,(4.37)Ł'$α1, α2¦9Nki+ŁnOÐ+,
α1 =
1
4 , α2 = −12+¼Nc¬snP
′
E.¦9N¿`DÖWD,>NËµ
5Mst
∆tδφ = ∆t
(
1
4
S˙2 − 1
2
S¨
)
. (4.40)
ËbÂn'xD¬1¼²ﬃ 5kib`_'{|}.D∆t
DÖµ`¼>.b-NM,	sn>ÐcB¿(4.19)	NÖF+σ.
¶·¬1 µ¹+(9c
F = −∂S
∂q
+∆tδF, σ = 1 +∆tδσ. (4.41)
Ë`¡,9NFokker-Plancki(4.29)Ł
9N+'
∆P = ∆t(H0 +∆tδH1)P, (4.42)
H0 ≡ ∂
∂q
(
∂
∂q
+ S˙
)
,
δH1 ≡ − ∂
∂q
δF +
∂2
∂q2
(
1
2
∂2
∂q2
+
∂
∂q
S˙ +
1
2
S˙2 + δσ
)
. (4.43)
+¼NcË`.¬y'PE ∝ e−S,ki∆P = 0DO9NtÂ'WD,Å
t9*µNc
δH1e
−S = 0. (4.44)
ËbW° ¬yδσDy1N,N+
δσ = γ1S˙
2 + γ2S¨ (4.45)
+	ÐË+µb-Nc9+'
∂
∂q
(δFe−S) =
∂2
∂q2
(
1
2
∂2
∂q2
+
∂
∂q
S˙ +
1
2
S˙2 + δσ
)
e−S
=
∂2
∂q2
(
1
2
S¨ + δσ
)
e−S
=
∂
∂q
((
1
2
+ γ2
)
...
S −
(
1
2
+ γ2
)
S˙S¨ + 2γ1S˙S¨ − γ1S˙3
)
e−S , (4.46)
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+=`'Ë¬y$Ö, Ð+'
δF =
(
γ2 +
1
2
)
...
S +
(
2γ1 − γ2 − 1
2
)
S˙S¨ − γ1S˙3 . (4.47)
+¼Nc¶D,BÂN'{|}.∆tDÖµ`¼>¬19N
'ÇU.%$γ1, γ2.Łn(4.45)'(4.47),R5ki(4.19),
£>`_¬>Ë+µ5McÉγ1 = 0, γ2 = −1+	Ð'Drummond et al.D
Łt9NO¡`N
δF = −1
2
...
S +
1
2
S˙S¨, δσ = −S¨. (4.48)
ËD+-²ﬃ ki
∆q(t) = ∆t
(
−∂S
∂q
+ η
)
+
1
2
(∆t)2
(
∂S
∂q
∂2S
∂q2
− ∂
3S
∂q3
− ∂S
∂q
η
)
(4.49)
+¼Nc.ÏÐD¼Oµ9Nµ'ÍÉÈ¼Db'×¾Ö1WD
5kiM¡E,>γ1 = 0, γ2 = 0+	>t¶·DµNc
δF =
1
2
...
S − 1
2
S˙S¨, δσ = 0, (4.50)
∆q(t) = ∆t
(
−∂S
∂q
+ η
)
+
1
2
(∆t)2
(
−∂S
∂q
∂2S
∂q2
+
∂3S
∂q3
)
. (4.51)
­®¯.	>n'$LDÃÄki.(4.49),£>nNc	Ł'2W°φ4
Ì,´1tÂkl.ÏW°m9Nc
t'Ł¼kijb
\DÏ
$D¹NY|¼x>µN+`_'gÈ¼L
M¡'γ1, γ2DE¬y!"#,b-+1D>c
Ł¼µ¡'O(4.48)9Nki(4.49)'W.N¬1.fMÉÒ¼
DbNË+=`Nc¼¹	ËDÃÄ+-'PE ∝ e−S+1
¦¶·D+>1ﬀ%µNc
∂P
∂t
=
∂
∂q
(
∂
∂q
+ S˙
)
P . (4.52)
ﬁ>ﬂN+'D5,∆tD2WBbÄŁt-'
∆P =
[
∆t
∂
∂q
(
∂
∂q
+ S˙
)
+
1
2
(∆t)2
∂
∂q
(
∂
∂q
+ S˙
)
∂
∂q
(
∂
∂q
+ S˙
)
+O(∆t3)
]
P
≡ [∆tH0 + (∆t)2δH
′
1 +O((∆t)
3)]P (4.53)
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YbN+,Ł>N∆tD1W.R>nŁ>Ë+fÀ
-tÂ(4.53)D2WÖ.R>nÆNc
δH
′
1 =
1
2
∂
∂q
(
∂
∂q
+ S˙
)
∂
∂q
(
∂
∂q
+ S˙
)
=
1
2
∂
∂q
(
∂
∂q
+ S˙
)(
∂2
∂q2
+ S¨ + S˙
∂
∂q
)
=
1
2
∂
∂q
(
∂3
∂q3
+ 2S˙
∂2
∂q2
+ 2S¨
∂
∂q
+ S˙2
∂
∂q
+
...
S + S˙S¨
)
. (4.54)
Çk'Um`tFokker-Plancki(4.43)(4.48),£9N+'¶·D¬
1.¼Nc
δH1 = − ∂
∂q
δF +
∂2
∂q2
(
1
2
∂2
∂q2
+
∂
∂q
S˙ +
1
2
S˙2 + δσ
)
=
∂
∂q
(
1
2
...
S − 1
2
S˙S¨
)
+
∂2
∂q2
(
1
2
∂2
∂q2
+
∂
∂q
S˙ +
1
2
S˙2 − S¨
)
=
1
2
∂
∂q
(
...
S − S˙S¨ + ∂
∂q
(
∂2
∂q2
+ 2S˙
∂
∂q
+ S˙2
))
=
1
2
∂
∂q
(
∂3
∂q3
+ 2S˙
∂2
∂q2
+ 2S¨
∂
∂q
+ S˙2
∂
∂q
+
...
S + S˙S¨
)
. (4.55)
¬sn'¶¬yRD L'O(∆t2).	>n LYbNc
­®¯b2W°φ4Ì,´1Â(4.49),.R>n'ÏW°mŁt
∆φi = ∆t
(
− ∂S
∂φi
+ ξi
)
+
1
2
∆t2

∑
j
(
∂2S
∂φi∂φj
∂S
∂φj
− ∂
3S
∂φi∂φ2j
)
−
∑
j
(
∂2S
∂φi∂φj
ξj
) (4.56)
µ£>¡`NcËD×.ÇDS-µ*bNµ'¤¥a¼tÂqÌ,	

9,=`t2W°φ4ÌD(4.14)£Ł'²].
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∆pm,n = ∆t[Lm,n − µ pm,n − λ
6
p3m,n + ηm,n]
+ ∆t2[(pm−2,n + pm,n−2 + pm+2,n + pm,n+2)
+2(pm−1,n−1 + pm−1,n+1 + pm+1,n−1 + pm+1,n+1)
−8Lm,n + 4pm,n − (2µ− λ
2
p2m,n)Lm,n
−λ
6
(p3m−1,n + p
3
m,n−1 + p
3
m+1,n + p
3
m,n+1 − 4p3m,n)
+µ2 pm,n +
2
3
λµ p3m,n +
λ2
12
p5m,n − λ pm,n
−(ηm−1,n + ηm,n−1 + ηm+1,n + ηm,n+1 − 4ηm,n)− (µ+ λ
2
p2m,n)ηm,n],
Lm,n ≡ (pm−1,n + pm,n−1 + pm+1,n + pm+1,n − 4pm,n) , (4.57)
+¼NcË.pm,n	¬ηm,n'2W°D(m,n).	N³D

\9£>NcRBy'¸_φk = pm,n'ηk = ξm,n¼
x9+'ND¶D+=	N+¶·D¬1¼c
pm+1,n = φk+νˆ , pm,n+1 = φk+µˆ, · · · , ηm+1,n = ξk+νˆ , ηm,n+1 = ξk+µˆ, · · · . (4.58)
­
ÂÐN.ty'DVWXYZ[\]£9NËD'4.1
,£>nÓ9cËD2W5(4.57),>nm$%&,
%rŁtk%
,/0¼1 tÍ·kD

+ﬀ²Ô+¼sn>Nc'D²+$'µ = −0.2775Î
DqÌb©=`N'Nlat = 256+Nstat = 5000'	¬Aj∆t = 0.001
,£Łn>.fµ²Ô.`n>ËM¡ËD1¼µ4
<=+ﬀ¹ﬁﬂ∆t = 0.001	'2WD µﬃbNË+5MNc
ËDqÌ,ÒDM¡fÀ9NtÂ1XYZ[\]D &,'Aj
,∆t = 0.0001+=.<=ÐŁn,,Nstat = 500+<=Ð9NED
+rscAjÃÄ,@3A!Bbr.'Aj1/n"9NEFGHI
n"*¼Nc#	' LAjCPU time
GHI+Y
Nstat.¸9DbËD²$E+ LAjµ@3bNc
D%&Ñ.=`n>Nc'l(Łn)2WDXYZ[\]*£>t+,
Ł->nN¬/+¡D)D,¼=M¡0Ð)¬y12Łn
NcŁ@345(	¬Á10" LAjµMNc	¼6)1W
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4.1:	1
2	ﬀﬁ
ﬂﬃ∆t = 0.0012	 !"#2$ﬂ
%&ﬀ'(∆t = 0.0001 ∆t = 0.001)*+1
	
	 !
(2W,XYZ[\],-+¬./0j,m)1, 2¸bÎµ,
1.1"iby)/0jqÌ*34.b¼-c
Ë`¡-¿`)5ﬁﬂ²67829:®¯+	n)w¡`t
/0j¬;,V*.<¡)VW,XYZ[\], £+	.ﬃ
(=£*Łn.cÉ+/0j5>µÍﬃ?@(A`-.B6
Ì¼x+	-)C£µØÙA`c¶,Ë(<¡
¶Db)Drummond et al.
¬.EF0jkl,2G½¾m*¢£Ł) H*r/c
4.4 HOT STARTIJKLMNOPQR
S¿ ,²$*r/TUÂ+)²Vµ=wWX¼Øm*
YØZ§+Y-nqÌ4.Ë[* 4.)Õi\(+)]^_`
σ*½¾aA[bcdef
gRσ£-hG,¬/+Øa*ÃZA	[i
j-T
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φi(0) = m0 +Rσ, (i = 1, 2, · · · , N2). (4.59)
Ë,¬/+4[i)E+σ > m0hg*Ð4.Ë
	
Øa,m0-*YË(µØÙ.TË)256×256
g* -h.TSb)Øa,²m0 = 0.05 σ = 1.0(bT
Ë,)²67829:(4.56)+	-h∆t = 0.001($T = 200
S0ÃÄA	4¼¹	T/∆t = 200000 *¼/TË,*2000
ﬀﬁhﬂ,ﬃ* ) !"#$(4.18)+ -
%[&'(-.*)2,bCOLD START+ 
.-b#-)HOT START+ b.[33]*/h4.0,12
)345,6@7.89ae:;<=>(2.4)?@A+#(29:B&C
DEFG$HIHOT START,JK6LMN,OPQHb/7T<
COLD START*HOT START+S%+&ﬀ3)*,R*U.VWX
6+YZ[<\][.^_(X`a.b-cde#fg[h-<hi4jk
U7ﬀXlm,nﬂo#pq#r
S]hs/rc7bﬀt3jXuvp&c?wrTx#yzX
(2.4)cB{k = 1XL→∞Xb = t1/z|τ(WX}q~Hheq
lnMτ (t) ≃ A+ θ ln t+Bτt1/νz, (4.60)
p&ec#rT%cAqBX7rHOhxTﬀCOLD STARTplmqﬂ
oXln tLhlnM(t)hbqcXτ = 0#rYZ["
#ab{(EŁ[X0%w\[τ 6= 0pab{c\w(y
rTk#rp`apr{(COLDx.#pcLhX
HOTx.q#h{7TI3.1B&C4.2h%qTN
S]XQ XYZ[¡¢q£y¤ruvp6¥µB{OP¦
§h#b¨
µ = −0.280,−0.278,−0.276,−0.274,−0.272,−0.270. (4.61)
4.2XYZ[¡¢p©f"#`aprb{hªr%q(r¨«¬­p®¯
cLMxrµc = −0.2775X lms/ !°± {h+wcµ < µc
(µ > µc)Lhvc²Ic²N+³µ = −0.2900
p®¯X%parb{hªrb/´¦§bp7r¨
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4.2:	
3ﬀµ =
−0.2900,−0.2775,−0.2700ﬁﬂﬃ !"#$%µ = −0.2775&'()
*+ﬀ-#
.cX/0pPasj (µ)h1r2/X(4.61)c3i¤2µcLxr(ln t, lnMµ(t))
p®4¯h7r56sj = [t
j
min, t
j
max]7H89f:;¨1\¤2asj (µ)hµ
L89xqµYZpP<=¡{q0c7ﬀX"=>xr%q
EŁ¤¨
4.3?Xs = [60, 200]82q08@hi89r¨AB?CD¦h5¥c=E
8/0hFGHI8Jp=K&ﬀ?2¨%pLXMNp[OP(B)
ct {9/:;ℓsJQR9
ℓs rSThXuvp56sj = [t
j
min, t
j
max]c89UVWx¨
tjmin ∈ {40, 60, · · · , 100}, tjmax ∈ {140, 160, · · · , 200}. (4.62)
1\¤2C9p:;Xℓsjh4.4ci82¨%¤hY/rqX%¤\pZ[
q89YZ[(sr%q?\]^-#{0?X4.2pµ = µcB{9?/
0asj (µ)?θ0JL7Vsj_\]HL#U`#\{wL7r¨
Xbcpde<=f®ghi4e1mp@Jklcª¤mqk(XOP
Qp°±LXℓsj(0¤{c8[Zyrq?EŁL0n0o p
|q89nqrw\stOUuvw4¯pK(psj , qsj )h(p, q)-xyc
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4.3:	
(µ, as(µ))*!+ℓs
ﬁﬀﬀs = [60, 200]ﬀ6ﬁµﬀ,ﬂas(µ)
!ﬃﬂ
xrqX CFc=>8X\c0¤\h:;82p/0q!"pK#
(−µc, θ)hm#=wr¨4.5mp=$°±i¨o%&cXYZ[?
µc = −0.2775(5)nVXYZ'O?θ = 0.202(20)qs[(
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9XmL1\¤2YZ[cB{9X012HOT STARTpJKNcBUrF31
}pOPQh4(¨`5M(t)p¦§h6<g5000LQ482°±#X4.2
«¬­7r.8:;OA(t)BC`2.fw<M (2)(t)p
n2DEFG=>?j(4.59)c{9m0 = 0qJpxny
z?Cv<@AFGh@B[cChDyRX¤\p31}p¦Eh4e¨uv
w4¯X`5pOPQq01Jp{2¨a8F.L7rmqcGNX
HIJpKh:Lxr2M6<gON10000c82¨4.64.7
FG°±i8¨
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4.4: ﬂ(4.62)ﬁﬀ*+ℓj : a = pjµ+ qj
rmq#L0r¨p°±Xθm0=0.05 = 0.199(3)L(2¨mpP?Xb	cBUrY
Z[p
HSTL0Dcs[(2X8MpABhθ = 0.202(20)qN&L
¨\cX`5EP_Jhxrm0 → 071rMm0 = 0.02n
rLpOP¦§h4¨p6gO?10000q8Xm0 = 0.05p
p282#m¤?`5#0c¡{dHIJ#5xc<rvﬀﬁﬂ
ﬃ4 hX<=c!V"2MLr¨°±θm0=0.02 = 0.205(8)L(2¨m¤
hAB$%>&eq{~'pJqm0 = 0p(h4eqXθ = 0.209(15)
#1\¤r¨89:;)A(t)*<+`52f4wM (2)(t)p,w\?X
θ− d/z = −0.760(30) (d− 2β/ν)/z = 0.891(12)#\¤¨o%&cm¤p-
h.')z β/νc180°±h4.1c[qM¨35q678@d9:ﬀ%
ct 2;&n2<e=f®gp>?*{?0ABh2LC'
)#AB89{rqCr¨sc;&/')#D8Ec;89?0;FGp=Hc*
{90pf®gAcIxJ0JKLMndC2nrc&e2¥
NCc¥J0OPQRn:STpoi?U3L¨V#./ELWXn;
YZrmq[\89*V01]^_{°±r¨
>?p2M)-Z?Zheng et al.Z<:ﬀ`abgφ4cdp)-,°
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4.6: HOT START	
ﬀ
ﬁ4.1:ﬂﬃ !φ4"#$%&'(ﬀ
θ z β/ν
)*=[7] 0.191(1) 2.155(3) 1/8(cd-)
+ﬂφ4cd0.209(15) 2.064(96) 0.081(55)
:ﬀ,`ab-φ4 [30] 0.176(7) 2.148(20) 0.120(15)
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4§z«¬C'me=2hiφ4mﬁﬃ;
¦HOT START'J	A2±
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DN256 
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Drummond et al. 2
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COLD STARTﬁJK
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